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Abstract Objective: To evaluate the
incidence, risk factors, foci, isolated
organisms, and outcomes of infec-
tions in the survivors of out-of-hos-
pital cardiac arrest (OHCA) within
the first 7 days after resuscitation.
Design and setting: Retrospective
cohort study in the intensive care unit
of a university hospital. Patients and
participants: We enrolled 117 sur-
vivors of adult nontraumatic OHCA
victims who survived more than 24 h
between January 1999 and May 2004.
We collected patients’ demographics,
the causes and initial electrocardio-
graphic rhythm of cardiac arrest, and
the process of cardiopulmonary re-
suscitation. The incidence, clinical
presentations and outcomes of infec-
tions occurring in the first 7 days
after resuscitation were evaluated.
Variables were compared between
the infected and noninfected patients.
Measurements and results: Among
our OHCA survivors asystole was the
most common initial rhythm (66%).
Eighty-three patients (71%) were
found to have infection. Pneumonia

was the most common infection
(61%) followed by bacteremia (13%).
Although the Gram-negative bacteria
were responsible for most infections,
the most commonly isolated organ-
ism was Staphylococcus aureus. The
infection group had more patients
with dementia and noncardiac causes
of OHCA. The survival curves did
not differ significantly between in-
fection and noninfection groups.
Conclusions: Infections were com-
mon in OHCA survivors during the
first 7 days. The most common re-
sponsible organisms were Gram-
negative bacteria, and the most
commonly isolated organism was
S. aureus. Infections in the early
stage after return of spontaneous cir-
culation did not change the hospital
mortality and hospitalization dura-
tion.
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Introduction

With improvements in technique and medication in re-
suscitation more patients are surviving the out-of-hospital
cardiac arrest (OHCA) [1]. Postresuscitation care is be-
coming increasingly important with the increased return
of spontaneous circulation (ROSC) rate. Infections play a
major role in postresuscitation care, and appropriate
choice of empirical antibiotics for infections is important.

Efforts at resuscitation can profoundly decrease the levels
of cell-medicated immunity by imposing extreme stress
[2]. Moreover, both human and animal studies demon-
strate that most postresuscitation infections result from
bacterial translocation from the gastrointestinal (GI) tract
into the bloodstream due to mesenteric ischemia [3, 4].
However, recent studies show a predominance of infec-
tion in the Gram-positive organisms for cardiac arrest
survivors [5, 6]. Previous studies on postresuscitation
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infections have enrolled cardiac arrest patients both inside
and outside of hospital patients [5, 6]. There are only few
data addressing infections in OHCA survivors, especially
in the early stage after ROSC. The objective of this ret-
rospective study was to evaluate the incidence, risk fac-
tors, foci, isolated organisms of infections in OHCA
survivors in the first 7 days after ROSC.

Materials and methods

This retrospective cohort study approved by the institutional review
board (IRB) enrolled survivors of OHCA victims from January
1999 to May 2004. We reviewed both electronic and handwritten
medical records of OHCA patients, who were successfully resus-
citated in the emergency department (ED) and admitted to the in-
tensive care unit (ICU) of the university hospital from January 1999
to May 2004. This university hospital is a tertiary referred center
hospital with about 100,000 ED visits per year [1, 7]. The suc-
cessfully resuscitated OHCA patients were admitted to the ICU and
received postresuscitation care. Eligible samples were from non-
traumatic OHCA patients who survived more than 24 h and were
older than 18 years old.

From the individual charts we collected the following infor-
mation: underlying comorbidity (preexisting medical conditions in
addition to OHCA), the possible cause and initial electrocardio-
graphic (ECG) rhythm of cardiac arrest, the duration of cardio-
pulmonary resuscitation (CPR), the presence of witnessed collapse
and bystander CPR, the best Glasgow Coma Score (GCS), and
highest Acute Physiology and Chronic Health Evaluation
(APACHE) II score in the first 24 h after ROSC, mean blood
pressure 30 min after ROSC, leukocyte count sampled at resusci-
tation, development of infection in the first 7 days after ROSC, and
laboratory and radiological findings. We also collected the timing
of antibiotic administration. The presence or absence of witnessed
aspiration, diarrhea, and GI bleeding during the first 24 h after
ROSC were recorded. The hospital mortality and the hospitaliza-
tion duration of the survivors were also recorded.

The causes of OHCA were divided into two major parts, namely
cardiac causes and noncardiac causes. The cardiac causes included
acute coronary syndrome and fatal arrhythmia without electrolyte
imbalance. The noncardiac causes included respiratory cause, in-
fectious cause, massive GI bleeding, hyperkalemia, central nervous
system (CNS) lesion, and others. Respiratory events included
asthma attack, chronic obstructive lung disease with exacerbation,
sputum impaction, and suffocation. Infectious causes were con-
sidered when previously existing infections were noted at ROSC
and no other cause of OHCA could be found. Massive GI bleeding
was recorded when hematemesis or bulky tarry stool with pro-
foundly decreased hemoglobin level (<8 gm/dl). Hyperkalemia was
considered when blood potassium level exceeded 6 mmol/l, and no
other OHCA cause could be found. CNS lesions included brainstem
infarct, cerebral ischemic infarct, and subarachoid hemorrhage
documented by brain image, such as brain computed tomography
(CT) and magnetic resonance image.

The events occurred within 24 h after ROSC were defined as
following: witnessed aspiration was defined when such event was
documented in the chart; diarrhea was defined as one or more liquid
stools per hour within 3 h according to the nurse’s recording; GI
bleeding was considered when the guaiac test was positive for stool
sample or nasogastric tube drainage. Patients discharged with full
GCS (15 points) were considered to have good neurological re-
covery.

Pneumonia was defined by the presence of new pulmonary
infiltrate on chest radiography, persistent for at least 48 h plus two
of the followings: body temperature higher than 38.5�C or lower

than 35�C, leukocyte count higher than 10,000/�l or lower than
3,000/�l, purulent sputum or change in the character of the sputum.
Ventilator-associated pneumonia was considered when a patient on
mechanical ventilation at least 48 h developed pneumonia without
initial pulmonary infiltrate at ROSC [8, 9]. Urinary tract infection
(UTI) was defined by the presence of pyuria plus isolation of more
than 105 organisms per milliliter of urine. Bacteremia was defined
as positive blood cultures for at least two sets at separate sites or
single blood culture with clinical compatibility. Coagulase-negative
staphylococci and other common skin flora isolated in single blood
culture without clinical risk and compatible disease course were
judged as contamination [10, 11, 12, 13]. Intra-abdominal infection
was considered when the leukocyte of the ascite was more than
250/�l, or imaging studies of the abdomen including ultrasonog-
raphy and CT showed swollen or perforated bowel in a febrile
patient. Vascular catheter-related infection was defined by positive
catheter culture (�15 colony forming units on semiquantitative
culture) considered to be the source of infection. Skin defect as-
sociated Infections were defined by the presence of pus and in-
flammation of the site. Empyema was considered when pleural
effusion showed frankly pus plus positive Gram’s stain.

There were 898 OHCA patients in the university hospital during
the review period. Of these, 374 gained ROSC; 288 were admitted
to ICU. We collected 174 non-traumatic adult patients who were
admitted to the ICU of the university hospital. Fifty-six patients
survived less than 24 h and one patient with missing data were
excluded from final analyses. Finally, 117 patients were included in
the study. Figure 1 presents the flow diagram. Their mean age was
71.7€15.4 years; there were 55 men and 62 women. The cardiac
causes accounted for one-fourth of OHCA (n=29, 25%). Asystole
was the most common initial rhythm of ECG (n=77, 66%) followed
by pulseless electrical activity (n=26, 22%) and ventricular tachy-
cardia/fibrillation (n=14, 12%). Forty-five patients (38%) survived
hospitalization. Among survivors six patients (5%) were discharged

Fig. 1 The flow diagram of included patients
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with full GCS (15 points), and 23 (19%) were dependent on others
for daily support due to moderate to severe overall disability.
Sixteen patients (14%) entered a vegetative state when discharged.
Patients were divided into two groups, those with (n=83) and those
without infection (n=34), according to the presence or absence of
any documented infection in the first 7 days after ROSC. Table 1
compares the demographics, resuscitation condition, and outcome
in the two groups. There were more patients with dementia and the
noncardiac causes of cardiac arrest in the infection group. All the
patients with dementia had infection.

Data were saved in a Microsoft Excel database (Excel 2002;
Microsoft, Seattle, Wash., USA) and then analyzed with SPSS
software for Windows (release 10.0, SPSS, Chicago, Ill., USA).
Mean and standard deviation values were used to describe ap-
proximately normally distributed data. Student’s t test was used for

comparisons of normally distributed continuous data of the two
groups. Binomial variables were analyzed by the c2 or Fisher’s
exact test. Survival curves were determined by the Kaplan-Meier
method. The log-rank test was used to compare curves. A p value
less than 0.05 was regarded as statistically significant.

Results

Fourteen of 29 (48%) patients with cardiac causes and 69
of 88 (78%) with noncardiac cause of OHCA developed
infection (p=0.002). Sixteen patients were diagnosed to
have infectious cause of OHCA (11 pneumonia, two intra-

Table 1 Comparison of under-
lying comorbidity and resusci-
tation condition of the infection
and noninfection groups in out
of hospital cardiac arrest pa-
tients survived more than 24 h
(CPR cardio-pulmonary resus-
citation, ROSC return of spon-
taneous circulation)

Infection (n=83, 71%) Noninfection (n=34, 29%) p

Age (years) 73.4€15.9 67.7€13.3 0.07
Men 44 (53%) 18 (53%) 0.994
Diabetes mellitus 27 (33%) 16 (47%) 0.139
Hypertension 37 (45%) 16 (47%) 0.807
Coronary artery disease 10 (12%) 7 (21%) 0.256
Heart failure 7 (8%) 3 (9%) 1.000
Arrhythmia 7 (8%) 3 (9%) 1.000
Chronic obstructive pulmonary
disease

17 (20%) 4 (3%) 0.265

End-stage renal disease 6 (7%) 5 (14%) 0.294
Liver cirrhosis 2 (2%) 1 (3%) 1.000
Cerebral vascular disease 15 (18%) 6 (18%) 0.957
Dementia 11 (13%) 0 (0%) 0.032
Bed-ridden 11 (13%) 3 (9%) 0.755
Malignancy 13 (16%) 9 (26%) 0.174
Cause of cardiac arrest

Noncardiac event 69 (83%) 19 (56%) 0.002
Cardiac event 14 (17%) 15 (44%) –

Events during CPR
Witnessed collapse 68 (82%) 29 (85%) 0.661
Bystander CPR 36 (43%) 15 (44%) 0.941
CPR duration (minute) 14.5€8.7 16.4€16.5 0.339

Initial rhythm
Ventricular tachycardia/
fibrillation

8 (9%) 6 (18%) 0.228

Asystole 60 (72%) 17 (50%) 0.021
Pulseless electrical activity 15 (18%) 11 (32%) 0.092

Events within 24 h
APACHE II score 28.8€10.4 30.1€10.4 0.55
Witnessed aspiration 9 (11%) 1 (3%) 0.277
Diarrhea 3 (4%) 3 (9%) 0.355
Gastrointestinal bleeding 37 (45%) 20 (59%) 0.162
Antibiotics use before cardiac

arrest
4 (5%) 0 (0%) 0.193

Antibiotics use within 24 h
after ROSC

72 (87%) 4 (12%) 0.000

Best GCS, median (range) 3 (3–11) 3 (3–5) 0.845
Mean blood pressure at
ROSC (patient number)

95.8€29.0 (82) 90.2€30.0 (34) 0.369

Leukocyte (�l�1) during
resuscitation

14,292€7,664 13,027€5,666 0.387

Expired case number 48 (58%) 24 (71%) 0.198
Survived case number 35 (42%) 10 (29%)
Good neurological recovery 3 (9%) 3 (30%) 0.113
Hospitalization duration (day) 39.2€58.9 36.2€26.0 0.877

a Elevated serum creatitne level exceeded 8–12 mg/dl and dialysis had previously been carried out or
was expected to be performed
b Loss of cognitive function due to changes in the brain caused by disease or trauma
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abdominal infection, one bacteremia, one UTI, and one
drainage wound infection). The infection group also had
more patients with initial asystole rhythm. Noncardiac
causes of cardiac arrest remained associated with infec-
tion after logistic regression analysis (odds ratio=3.270,
95% confidence interval=1.338–7.995, p=0.009). Antibi-
otic use before OHCA did not differ between these two
groups. However, it was not surprising that the infection
group had more patients with antibiotic use within 24 h
after ROSC. No significant statistical differences were
found in the events during CPR and within 24 h, leuko-
cyte count, hospital mortality, or hospitalization duration
in survivors between the infection and noninfection
groups. The survival curves between the infection and
noninfection group did not show significantly statistic
difference as well (p=0.237).

There were 83 patients and 105 identified infections in
the infection group. The incidence of early infection in
OHCA survivors was 168/1000 person-days. Among
these patients with infection five were discharged from
hospital within 1 month before OHCA episode, seven
lived in a nursing home before cardiac arrest, and one
patient had both characteristics. Pneumonia was the most
common infection (n=71, 61%) followed by bacteremia
(n=15, 13%), UTI (n=9, 8%), intra-abdominal infection
(n=4, 3%), and others (6, 5%). Other infections were
found in three patients with skin defect associated infec-
tion, two with empyema, and one with vascular catheter
infection. Fourteen patients had more than two infection
foci. Among pneumonia patients eight (7%) fulfilled the

criteria of ventilator-associated pneumonia in the first
7 days after ROSC.

Gram-negative bacteria were responsible for most in-
fections. However, the single most common isolated or-
ganism was Staphylococcus aureus (Table 2). The most
commonly isolated organisms of pneumonia were S. au-
reus, Klebsiella pneumoniae, and Acinetobacter bau-
mannii. Escherichia coli was the most commonly isolated
organism of UTI. The most commonly isolated organisms
of bacteremia were Staphylococcus spp. (S. aureus and S.
epidermis) and Burkholderia cepacia. Twelve patients
with pneumonia, one with bacteremia, two with UTI, and
four with other infection had more than two isolated or-
ganisms.

Discussion

This study examained infection-related issues in the first
7 days after successful resuscitation in OHCA patients
who were admitted to the ICU and survived more than
24 h. Infections were common in these patients and the
most common infection was pneumonia. Although the
most responsible organisms were Gram-negative bacteria,
the most commonly isolated organism was S. aureus.
Infections in the first 7 days after ROSC did not change
hospital mortality or hospitalization duration.

Infectious complications are common in successful
resuscitated cardiac arrest patients [4, 5, 6]. Gajic et al. [5]
reported new infections in 46% of survivors of cardiac
arrest during medical ICU stay. Their study included not

Table 2 Detailed organisms of each infection in out-of-hospital cardiac arrest survivors in the first 7 days

Pneumonia Bacteremia Urinary tract
infection

Intra-abdominal
infection

Other
infection

Total

No growth 12 0 0 4 0 16
Gram-positive bacteria

Staphylococcus aureus 10 3 0 0 2 15
Enterococcus species 3 0 1 0 0 4
Streptococcus pneumoniae 2 1 0 0 1 4
Streptococcus intermedius 0 0 0 0 1 1
Staphylococcus epidermidis 0 1 0 0 0 1

Gram-negative bacteria
Klebsiella pneumoniae 11 0 1 0 0 12
Acinetobacter baumannii 11 1 0 0 0 12
Pseudomonas aeruginosa 9 0 0 0 2 11
Escherichia coli 3 1 6 0 1 11
Enterobacter species 7 0 0 0 3 10
Hemophilus influenzae 7 0 0 0 0 7
Burkholderia cepacia 0 4 0 0 0 4
Morganella morganii 0 1 2 0 1 4
Serratia marcescens 2 0 1 0 0 3
Proteus mirabilis 2 1 0 0 0 3
Stenotrophomonas maltophilia 2 1 0 0 0 3
Hemophilus parainfluenzae 1 0 0 0 0 1
Alcaligenes xylosoxidan 1 0 0 0 0 1

Others
Candida albicans 6 1 0 0 0 7
Bacteroides uniform 0 1 0 0 0 1
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only OHCA patients but also in-hospital cardiac arrest
patients. One-half of their patients received antibiotics
before cardiac arrest. They did not report the overall in-
fection rate among survivors after resuscitation. In our
study infections were found in 71% of OHCA survivors in
the first 7 days after ROSC. Since it was difficult to de-
termine the exact onset timing of infections in OHCA
patients, we hypothesized that infections existed before
OHCA could be explored in 1–3 days after cardiac arrest.
There were 72 patients with antibiotic use within 24 h
after ROSC, but only 4 patients were documented in the
charts to have used antibiotic before cardiac arrest. These
results suggest that infection work-up is mandatory in
OHCA survivors, and early appropriate antibiotic treat-
ment is highly recommended.

Pneumonia was the most common type of infection in
the current study. This was compatible to earlier studies.
Gajic et al. [5] reported 30% of cardiac arrest patients
developed new pneumonia after resuscitation. Rello et al.
[6] reported pneumonia in 24% survivors of cardiac arrest
who were admitted to medical and surgical ICU. The
occurrence of pneumonia was also reported in 29% sur-
vivors of ventricular fibrillation [14]. To our knowledge,
there are no data concerning the overall incidence of
pneumonia in successfully resuscitated OHCA patients.
Our data reveal the occurrence of pneumonia in 61%
OHCA survivors in the first 7 days, which was higher
than the figure in the above studies. This may be due in
part to the fact that our study included pneumonia oc-
curring before and after OHCA. The high incidence of
suffocation related OHCA in our study may also explain
the higher occurrence of pneumonia. Rello et al. [6] re-
ported S. aureus as the most frequently isolated organism
of pneumonia in survivors of cardiac arrest. Gram-posi-
tive cocci represented 57.1% of isolated organisms of
pneumonia in their study. In our study S. aureus, K.
pneumoniae, and A. baumannii were the most common
isolated organisms of pneumonia. The emergent endo-
tracheal intubation during resuscitation was probably the
major reason leading the predominance of S. aureus. It is
hard to keep strictly antiseptic conditions in emergent
intubation because the patients are usually not well pre-
pared, and aspiration and repeated intubation are common
[6]. However, in contrast to the findings of Rello et al. [6],
Gram-negative bacteria accounted for 78.9% cases of
pneumonia in our study.

In our study the incidence of bacteremia was 13%.
This figure is similar to that in the study by Gajic et al.
[5]. However, they did not mention the isolated organisms
of bacteremia. Gaussorgues et al. [3] reported 39% re-
suscitated patients of cardiac arrest developed bacteremia.
In their prospective study the most common isolated or-
ganism in the blood was Streptococcus D, followed by E.
coli. Staphylococcus was isolated in only one case of
central venous catheter superinfection. In their study 12 of
13 patients in the bacteremic group but none in the non-

bacteremic group developed diarrhea. There was a high
association between diarrhea and bacteremia. They sug-
gested that an intestinal origin of bacteremia due to in-
testinal leakage caused by mesenteric ischemia resulted
from a low cardiac output. In our study both Staphylo-
coccus spp. and B. cepacia were the most frequently
isolated organisms of bacteremia. Since Staphylococcus
spp. and B. cepacia are often related to invasive proce-
dures [15, 16, 17], the frequent use of invasive procedures
during resuscitation may explain the higher frequency of
isolated Staphylococcus and B. cepacia from blood in our
study.

In our study 14 of 29 (48%) patients with cardiac
causes and 69 of 88 (78%) with noncardiac causes of
OHCA developed infection. It is well known that cardiac
causes of OHCA are usually sudden and severe in OHCA
patients. Most patients with cardiac causes either die
away or recover soon, and hence there is less time for
infection to develop. The fortunate survivors recovered
well after necessary therapeutic intervention, and infec-
tion was less common in these patients. Therefore the
infection group was associated with fewer cardiac causes
of OHCA. Asystole was the most common initial rhythm
of ECG in this study. There was lower ventricular fi-
brillation rate of OHCA patients in Taiwan [7, 18] and
Japan [19] than in Western countries [20, 21]. In our se-
ries the infection group had more patients with initial
asystole rhythm. The infection group also had more pa-
tients with underlying comorbidity with dementia. De-
mentia and noncardiac causes of cardiac arrest were still
associated with infection after logistic regression analysis.
In our study hospital mortality and hospitalization dura-
tion did not differ significantly between the infection and
noninfection groups. The common and appropriate use of
antibiotics in the survivors of OHCA may explain these
results. These results also suggest that infection in the first
7 days after ROSC was probably not the main factor that
affected outcome.

There are several limitations in our study. First, be-
cause patients who died early may not have been found to
have infection, we excluded patients who survived less
than 24 h. Therefore not all the adult and nontraumatic
OHCA survivors during the review period were enrolled
in the study. Second, there are different definitions of
infections in different studies, which results in the dif-
ferent incidences of infections. We tried to minimize the
difference by using the most commonly used definition of
each infection. Third, we were limited by the retrospec-
tive design of the study.

Our study described the infections in the first 7 days
after resuscitation of OHCA survivors. We found that
infections were common among these patients. Although
Gram-negative bacteria were responsible for most infec-
tions, the most commonly isolated organism was S. au-
reus. Infections in the first 7 days after ROSC did not
change the hospital mortality and hospitalization duration.
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